ABSTRACT: A 1966 summer survey on fish fauna was made in the upper Patuxent River to evaluate the effect of sewage pollution on fish with respect to species diversity and abundance. Results of this study indicate that chlorinated sewage effluent acts first as a toxic material which seriously reduces fish species diversity and abundance immediately below the effluent outfalls. It also enriches and deoxygenates the water, causing a species shift without affecting species diversity downstream.
Introduction
Sewage effluents are known to affect adversely stream fishes and other aquatic lives by direct toxic action and indirect alteration of water quality and bottom conditions (Bartsch, 1948; Ellis, 1937; Trautman, 1933; Moore, 1932; Gerking, 1947) . However, where only domestic sewage is concerned, it is not always toxic to fish. In fact, raw sewage or sewage treatment plant effluents have been intensively used as fertilizer in fish culture ponds in Europe and Asia (Ganapati and Chaeko, 1950, in Katz and Howard, 1954) . Also, some fish have been observed to congregate in the vicinity of sewage outfalls to feed on fresh sewage or foods (insects and worms) discharged from the sewage treatment plant (Moore, 1932; Campbell, 1939; tIynes, 1960) . Alabaster (1959) found that fish could live in undiluted sewage effluent, if DO (dissolved oxygen) was high. Lloyd and Jordan (1963.) demonstrated by bioassay that rainbow trout survived three days in undiluted domestic sewage at 10 C. On the other hand, sewage mixed with industrial effluents was quite toxic to rainbow trout. Therefore, fish depletion :in a stream receiving domestic sewage has been attributed mainly to reduction in DO content resulting from decomposition of the organic materials and to septic conditions resulting from active decay of the sewage (Moore, 1932; Campbell, 1939; Katz and Gaufin, 1952; Brinley, 1942 and 1943; Hynes, 1960) . According to Katz and Gaufin (1952) , however, oxygen lack definitely was not a factor in fish depletion below domestic sewage outfalls during periods of high stream flow and during the winter months.
At the present time, chlorination is pracriced as the basic and legal sanitary process in treating sewage. Chlorinated organic effluents yield end products entirely different in nature from the original materials (Enslow, 1932; Snow, 1952; etc.) . Such chlorinated sewage is in many cases non-assimilable by bacteria. In consequence, actual reduction of the biological oxygen demand in a stream and maintenance of high DO have some advantages for the stream (Moore, 1951; Faber, 1944; Baity, Merryfield and Uzzle, 1933; Eddy, 1934; Scott and Van Kleeck, 1934) . However, chlorinated sewage acts toxically on aquatic organisms (Hynes, 1960) . Chloramines, the main toxic constituent of chlorinated sewage, have been found to be more toxic to fish and to maintain their toxicity longer than chlorine itself (Merkens, 1958; Doudoroff and Katz, 1950; MeKee and Wolf, 1963) . Allen, Blezard, and Wheat-c.F. TSA~ land (1946 and 1948) found that not only thiocyanate (which forms toxic cyanogen chloride with chlorine) but other sewage substances as well reacted with chlorine to form toxic compounds. Therefore, effects of chlorinated domestic sewage effluents on fish population may stem not only from indirect degradation of water quality (especially reduction of dissolved oxygen) and alteration of the stream bottom, but also from direct toxic action on the fish similar to that of industrial discharges.
Many sections of the Patuxent River and its largest tributary, the Little Patuxent River, situated between the two metropolitan centers of Washington, D.C., and Baltimore, Maryland, are rapidly deteriorating from increasing domestic sewage disposal designed to meet the rapid suburban development throughout the basin. Total sewage discharges into these streams approximated 6.9 mgd in 1966 and are predicted to increase to about 40 mgd in 1970 (Wolman, Geyer, and Beavin, 1961) . The stream pollution caused by chlorinated sewage treatment plant effluents has created urgent problems relating to the protection of aquatic resources. To determine the effects of chlorinated domestic sewage effluents on fish population in these streams was {.he primary purpose of this study.
Study Area and Fish Sampling Stations
The Patuxent River and the Little Patuxent River (including its tributary Dorsey Run) extend for about 16 miles each from the vicinity of the cities of Laurel i(Prince Georges County) and Savage (Howard County), Maryland, to a confluence about 100 yards above the Priest Bridge on State Road 3 in the fiat coastal plain. There are eight secondary sewage treatment plants of various sizes along these streams (Fig. I) City (0.27 mgd). All sewage effluents were chlorinated to the degree that the chlorine residue 15 minutes after chlorination remained between 0.6-2.0 ppm.
The Little Patuxent River is 40 to 70 feet wide and 1 to 6 feet deep. Shallow riffles over gravel were found to be as common as sand or mud bottoms in deep pools. However, as one proceeded downstream, deeper and deeper pools with sludge deposition were encountered. Stream velocity varied from 0.0 fps to 0.3 fps, and 5% flow was about 119,000 gals/sq. mi./day (Wo]man, Geyer and Beavin, 1961) . Aquatic vegetation was sparse.
Dorsey Run, a small tributary of the Little Patuxent River, is 5 to 10 feet wide and usually less than one foot deep. During the 1966 summer, water flow was so low that there was almost no flow above the outfall of the sewage treatment plant of Maryland House of Correction. Thus, the 2.8 mite section of the stream below the sewage plant outfall to the confluence with the Little Patuxent River was nearly pure sewage drainage. No aquatic weeds were observed in this section.
The study section of Patuxent River is only 20 to 50 feet wide and 1 to 4 feet deep. During the summer, the approximately 10-mile section of stream from the area one mile below the Laurel outfall to the area immediately above the Bowie outfall contained a chain of quiet water pools filled with sewage-polluted water, sludge, and thick aquatic vegetation (waterweed, Anacharis sp., semiaquatie smartweed, Polygonum sp., and bulrush Scirpus sp.
were most common). Contributing to the above condition has been the diversion of about 68% of the Patuxent, River water to the Potomac River from the Rocky Gorge Reservoir after domestic and municipal use by Washington suburban residents (Hull, 1965) . This water diversion practice results in substantial reduction of water flow below the reservoir in that section of the
